The factors determining the development or not of visceral leishmaniasis (VL) have not been completely identified, but a Leishmaniaspecific cellular immune response seems to play a fundamental role in the final control of infection. Few studies are available regarding the production of cytokines in the subclinical form of VL, with only the production of IFN-γ and TNF-α known. The aim of the present study was to identify immunological markers for the oligosymptomatic or subclinical form of VL. A prospective cohort study was conducted on 784 children aged 0 to 5 years from an endemic area in the State of Maranhão, Brazil, between January 1998 and December 2001. During 30 consecutive months of follow-up, 33 children developed the oligosymptomatic form of the disease and 12 the acute form. During the clinical manifestations, serum cytokine levels were determined in 27 oligosymptomatic children and in nine patients with the acute form using a quantitative sandwich enzyme immunoassay. In the subclinical form of VL, variable levels of IL-2 were detected in 52.3% of the children, IL-12 in 85.2%, IFN-γ in 48.1%, IL-10 in 88.9%, and TNF-α in 100.0%, with the last two cytokines showing significantly lower levels than in the acute form. IL-4 was not detected in oligosymptomatic individuals. Multiple discriminant analysis used to determine the profile or combination of cytokines predominating in the subclinical form revealed both a Leishmania resistance (Th1) and susceptibility (Th2) profile. The detection of both Th1 and Th2 cytokine profiles explains the self-limited evolution accompanied by the discrete alterations observed for the subclinical form of VL.
Introduction
Visceral leishmaniasis (VL) or kala-azar represents a serious public health problem in developing countries such as Brazil (1) . Clinically, VL can present as infection (asymptomatic form), with few symptoms (oligosymptomatic or subclinical form), or with exuberant manifestations (classic or acute form) (2) .
After inoculation of the promastigote form into the skin by the insect vector, a complex interaction between the parasite and the host immune response occurs which can modulate the clinical presentation of VL. The factors determining the control or evolution of the infection have not been completely identified, but it is known that the Leishmaniaspecific cellular immune response plays an M.E.A. Gama et al. important role in the outcome of the infection (3, 4) .
With Leishmania being recognized as an obligate intracellular parasite of macrophages, studies have demonstrated that the specific immunity in VL is mediated by CD4+ T helper (Th) cells and that disease susceptibility is associated with the inability to produce a macrophage-stimulating cytokine profile (Th1 profile) including interferon-gamma (IFN-γ) and interleukins (IL)-2 and -12, while, on the other hand, an elevated production of immunosuppressive cytokines such as IL-10 and IL-4 (Th2 profile), as well as high levels of tumor necrosis factor-alpha (TNF-α), is observed (5) (6) (7) (8) (9) (10) (11) .
Few studies are available in the literature regarding the production of cytokines in subclinical cases of VL, and these investigations only determined IFN-γ and TNF-α levels before the occurrence of clinical manifestations (6, 7, 12) . Carvalho et al. (12) observed high levels of IFN-γ in oligosymptomatic individuals who evolved to spontaneous cure, supporting the fact that resistance is related to an efficient cellular immune response.
A great challenge faced in daily clinical practice is the fact that no predictive factor exists for the oligosymptomatic form whose clinical manifestations are discrete and nonspecific. Gama (13) has shown that a combination of fever, hepatomegaly, hyperglobulinemia and increased erythrocyte sedimentation rate in individuals with Leishmaniapositive serology can predict the subclinical form of VL, as long as these symptoms are not associated with splenomegaly or leukopenia. Therefore, the objective of the present study was to determine the serum cytokine levels directly or indirectly involved in the immune response of individuals with the oligosymptomatic form of VL who present clinical manifestations in order to establish a correlation between the clinical-evolutive behavior of the disease and cytokine production.
Material and Methods

Study population
The study population consisted of individuals who participated in a prospective cohort study carried out in the State of Maranhão, Brazil, during the period from January 1998 to December 2001 (13) . In this cohort, 784 children were followed up monthly for four consecutive years in order to determine the behavior of the clinical forms of VL in general and to define the clinical-laboratory profile of the oligosymptomatic or subclinical form of VL in particular. The children were recruited from the 0-to 5-year population of two localities in the municipality of Raposa, Maranhão (Vila Nova and Vila Bom Viver) which are endemic for VL, with a 28% incidence of infection and a 28:1 infection/disease ratio in children aged up to 5 years (14) .
During follow-up, 33 children developed the oligosymptomatic form of VL and 12 the acute form. However, due to initial operational difficulties, material was collected and analyzed from only 27 oligosymptomatic cases and nine with the acute form. In the study of Gama (13) , the subclinical cases evolved to spontaneous cure within a mean period of 15 days without evolution to the acute form of VL.
The study was approved by the Ethics Committees of the University of São Paulo and the Federal University of Maranhão according to Resolution 196/96 of the National Health Council for research involving humans. Written informed consent was obtained from parents or persons responsible for the children.
Determination of cytokines
During the symptomatic period, venous blood samples (5-10 ml) were collected from the individuals and stored in the refrigerator until centrifugation (1000 rpm for 5 min in a cooled centrifuge) on the same day. Serum was separated, aliquoted and stored at -70ºC until the time of the tests. Serum IFN-γ, TNF-α, IL-2, IL-4, IL-10 and IL-12 levels were determined by ELISA using a quantitative sandwich enzyme immunoassay technique (Quantikine ® Kits, R&D Systems, Minneapolis, MN, USA).
All tests were carried out by rigorously following manufacturer instructions. Serum cytokine levels were calculated by interpolating the standard curve for absorbance readings of test samples calculated from samples of known concentrations supplied with the kits and assayed in parallel. The sensitivity of the tests was 8 pg/ml for IFN-γ, 4.4 pg/ml for TNF-α, 4.8 pg/ml for IL-2, 5 pg/ml for IL-4, 3.9 pg/ml for IL-10, and 5.0 pg/ml for IL-12.
Statistical analysis
The data were processed using the SPSS-PC statistical program (Statistical Package for Social Sciences, PC version 10.0). Initially, mean cytokine levels were compared between groups using the Student t-test and the Mann-Whitney test and, when applicable, the 95% confidence intervals were calculated for descriptive analysis of the data. The level of significance was set at P ≤ 0.05.
Uni-and multivariate analyses were used to determine possible immunological markers of the oligosymptomatic form. However, since the production of a cytokine cannot be considered separately and due to the small number of individuals in each group and the variability in the different cytokine levels, multiple discriminant analysis (MDA) was used to estimate a value for all cytokines, thus establishing a profile or a combination of cytokines that could discriminate between the subclinical or oligosymptomatic form of VL. Table 1 shows the minimum and maximum serum cytokine levels during the symp- tomatic period for 27 subclinical or oligosymptomatic cases and for nine cases with the acute form of VL. IFN-γ was detected in 48.1% of oligosymptomatic children, IL-2 in 52.3% and IL-12 in 85.2%, but these cytokines were not detected in patients with the acute form. IL-4 was detected in 100% of cases of acute disease but not in the subclinical form group. IL-10 was identified in 88.9% of oligosymptomatic children and in 100% of patients with the acute form of VL. TNF-α was present in 100% of the individuals of both groups.
Results
Comparative analysis of the two groups revealed significantly higher mean IL-10 and TNF-α levels for the acute form (IL-10, P = MDA showed that the combination of IL-4, IL-10 and TNF-α characterized function 1 as a Th2 cytokine profile and function 2, the combination of IL-2 and IL-12, as a Th1 profile, with IFN-γ forming a third function which complemented the Th1 profile. Figure 2 shows the means and respective confidence intervals for the variables (cytokine profile) obtained for each group. Significant differences in the functions obtained were observed between the two groups (function 1, P = 0.006; function 2, P = 0.013, and function 3, P = 0.004). Figure 3A -C shows the combination of the three different functions or cytokine combinations for each individual in order to confirm the segregation of groups obtained by the combinations derived by MDA. As can be seen, oligosymptomatic individuals produced both Th1 and Th2 cytokines, with IFN-γ production being observed only in this clinical form. Therefore, MDA was able to distinguish between the subclinical and acute forms of VL based on the observation of the production of cytokines which, combined, determined differentiated cytokine profiles. The detection of cytokines characterizing only a Th2 profile in the acute form should be emphasized (function 1 = IL-4, IL-10 and TNF-α).
In view of the variability in clinical manifestations and laboratory alterations observed for individuals with the subclinical form (Table 3) , we correlated these parameters with cytokine production which also suffered variations in the levels detected. However, no statistically significant differences were observed. 0.003 and TNF-α, P = 0.005). Figure 1 (A  and B) illustrates the variation in the levels of these cytokines observed for the two groups.
Based on the assumption that a specific cytokine profile (Th2) is produced in the acute form of VL, MDA was carried out to determine the cytokine profile or combination distinguishing the subclinical form. The importance of each variable for the discriminant model was defined by its correlation coefficient with each function, as shown in Table 2 . Two different combinations of vari- BSR = blood sedimentation rate; NP = not performed (due to problems with material collection).
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Discussion
The factors determining the development of a clinically manifested form of VL (acute or classic form) have not yet been completely identified. The deficient production of IFN-γ after exposure to Leishmania antigen is one of the commonly reported factors and is associated with an increase in CD4+ Th cells expressing a Th2 cytokine profile (susceptibility), with the production of IL-4, IL-10 and TNF-α but not of IL-2 or IL-12 (8, (15) (16) (17) (18) . The variation in the detectable levels of IL-10 and TNF-α observed in the present study for the acute form has also been described by others (19) (20) (21) . Thus, the Th2 profile with oscillating cytokine levels detected in the present study for cases characterized as the acute form of the disease is in agreement with data reported in the literature (22, 23) .
With respect to the subclinical form, the comparison with literature data regarding the detection of cytokines is difficult since such findings refer to the determination of cytokine concentrations in the supernatant of lymphocyte cultures after stimulation with Leishmania antigen -a fact that by itself justifies the differences observed here, in addition to the different technical conditions. Bacellar et al. (7) observed the production of IFN-γ in the culture supernatant of 100% of subclinical cases with spontaneous cure (ranging from 3 to 321 U/ml), while Barral-Netto et al. (6) did not detect TNF-α in the culture supernatant of patients with this clinical form. It should be noted that the data reported by these investigators refer to cases clinically described by Badaró et al. (24) , with the blood samples being collected before the occurrence of clinical manifestations.
Analysis of the levels of IL-2, IL-4, IL-10 or IL-12 in individuals with the oligosymptomatic form has not been previously performed by other investigators.
In the present study, variability in the cytokine levels and profiles was observed for the oligosymptomatic form, with both resistance (IL-2, IL-12 and IFN-γ) and susceptibility (IL-10) profiles being detected. Holaday et al. (25) have suggested that low levels of IFN-γ in response to Leishmania antigen in children with subclinical infection correspond to an intermediate position between disease and protective immunity.
Since Leishmania is an obligate intracellular parasite and macrophages are the cells of choice, it is important to determine the profile of more than one cytokine in order to explain the discrete and self-limited symptoms observed in individuals with the subclinical form of the disease.
Based on immunological findings and data regarding VL disease (production of susceptibility profile cytokines, Th2) and infection (resistance profile, Th1), one can infer that in the oligosymptomatic or subclinical form the production of Th1 cytokines (IL-2, IL-12 and IFN-γ) influences the self-limited evolution of the clinical signs and symptoms, culminating in their spontaneous resolution, as reported in studies since 1906 (13, 16, (25) (26) (27) . Comparative analyses have been impaired over the years by the use of different terminologies, with some authors inadequately using the term "infection" as a synonym for "asymptomatic" or "subclinical" (13) .
IL-4 plays an important role in the progression to disease and is also involved in the down-regulation of IFN-γ, suggesting that its non-detection has a positive effect on the evolution from the subclinical form to spontaneous resolution (8, 28) .
The clinical manifestations and laboratory alterations observed in the present study for individuals with the subclinical form were related to the detection of susceptibility profile cytokines (Th2), considering that TNF-α is the main factor involved in systemic alterations and, consequently, in the symptomatology observed in VL (29) (30) (31) . IL-10 plays a fundamental role in this process since it seems to be responsible for the inhibition of the synthesis of the main macrophage-stimulating cytokine involved in the defense against Leishmania, i.e. , IFN-γ (8,32) .
The behavior of TNF-α depends on the production of cytokines such as IL-4 and IFN-γ (5,33) and, although also present in individuals who are only infected, it is present at higher levels in individuals with the disease. Therefore, we may assume that the significantly lower levels of IL-10 and TNF-α observed in the present study for oligosymptomatic individuals were probably due to the production of Th1 cytokines and contributed to the discrete clinical manifestations.
The mixed cytokine profile observed for individuals with the subclinical form agrees with findings in the literature showing the existence of different T cell subgroups producing only IFN-γ or IL-4 and IFN-γ simultaneously (34) . The cited authors emphasized the importance of these IFN-γ and IL-10 secretory T cells in the maintenance of the balance between the Th1 and Th2 profile.
After the observation that oligosymptomatic or subclinical individuals show a welldifferentiated clinical behavior compared to individuals with the clinically manifested form of VL (13), the results of the present study indicate that the production of susceptibility and resistance cytokines plays an important role in the outcome of infection in oligosymptomatic patients.
